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The Ten-Year Odyssey of the “IS Productivity Paradox” 
- A Citation Analysis (1996-2006)
Abstract
The information systems “productivity paradox” has become an important 
catalyst for research within the IS field. This study examines how the 
paradox has impacted IS research through a content analysis of 150 
articles published between 1996 and 2006 that cite Brynjolfsson and Hitt’s 
seminal productivity paradox paper (e.g., Brynjolfsson and Hitt 1996). The 
results show that the original paradox has largely been resolved due to 
more sophisticated and refined data sources, a shift in the level of analysis, 
and a refocus on the management of IS. However, a more complex picture 
has emerged about the link between IS and outcome variables. This paper 
explores this complexity in order to identify remaining gaps and propose 
directions for future research. 
Keywords: IS productivity, IS evaluation, Citation analysis
Introduction
Do investments in information systems (IS) really pay off? IS managers and researchers have been facing this critical 
question for as long as information systems have been used in organizations. Empirical evidence has not always 
supported the conventional wisdom that IS will reduce costs and increase productivity. Indeed, quite a number of studies 
found little or no evidence that IS spending significantly increased productivity (e.g. Berndt and Morrison 1995; 
Loveman 1994; Roach 1991; Strassmann 1990). Robert Solow famously announced that “You can see the computer age 
everywhere but in the productivity statistics”(Solow 1987). This statement, and others like it, came to be known as the
“IS productivity paradox1”. This paradox inspired a great deal of research within the IS and Economics fields in the early 
1990s. Not surprisingly, the contradictory results of IS’s rent-yielding ability drove business and IS managers to wonder 
about appropriate IS strategies (Brynjolfsson 2003; Brynjolfsson and Hitt 1998). 
A turning point within this stream of research came with Brynjolfsson and Hitt’s 1996 Management Science article, 
“Paradox lost? Firm-level evidence on the returns to information systems spending” (Brynjolfsson and Hitt 1996). Based 
on the production theory of economics and a set of refined measures, Brynjolfsson and Hitt revisited the productivity 
paradox and provided strong evidence that IS spending did in fact make a substantial and statistically significant 
contribution to firm productivity. This article was among the first to claim that “the computer productivity paradox is a 
1 Both the terms ‘IS’ and ‘IT’ have been used to refer to the productivity paradox, often interchangeably. In this paper, we prefer to 
use the term IS in order to remain consistent with Brynjolfsson and Hitt’s 1996 paper.
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thing of the past” (p. 557), thus setting up a positive and encouraging milestone for future IS productivity research. It has 
now been ten years since Brynjolfsson and Hitt’s paper was published, and thus it may be appropriate to pause and
reflect on how the research stream that this article spawned has developed and evolved. 
The objective of this study is to examine the potential role of the IS productivity paradox debate for future IS 
research. Specifically, we focus on (1) reviewing how research following Brynjolfsson and Hitt (1996) has addressed the 
IS productivity paradox in the last decade; (2) unveiling Brynjolfsson and Hitt’s (1996) impacts on the intellectual 
development of IS academic research; (3) exploring what questions posed in the IS productivity paradox paradigm 
remain to be answered, and thus plot a path for future research. It is noteworthy that it is not our position that 
Brynjofsson and Hitt’s thesis is the only appropriate anchor point upon which to investigate IS productivity issues. 
Rather, our objective is to understand how their thesis has contributed to existing IS and non-IS research, and what role it 
should play in the future.
To achieve these objectives, we conducted a citation analysis to examine how Brynjolfsson and Hitt’s work had
been used in the decade following its publication (i.e., 1996-2006). Citation analysis, widely used in the IS field, is 
deemed appropriate as it is an effective tool to map the intellectual growth of a research domain, stream, or work
originating from specified authors (Culnan 1986; Culnan 1987; Ford et al. 2003). The analysis in this study contributes to 
the literature in two ways. First, it examines to what extent and how research following Brynjolfsson and Hitt (1996), 
those published in 2000s, have advanced this line of research. Second, it provides a preliminary assessment on how their 
thesis has made impacts on these follow-up studies. Taken together, these findings paint a clear picture of how 
researchers have built on Brynjolfsson and Hitt’s work, and provide a guide for continued research in this area. 
The following section reviews the historical background of the IS productivity paradox with a special focus on
Brynjolfsson and Hitt’s (1996) article. The citation analysis methodology is then presented. The resulting articles are then 
coded according to the degree of integration with Brynjolfsson and Hitt’s thesis, and the empirical studies are coded 
according to the results, level of analysis, and research methods. Finally, the major findings and the opportunities for 
future research are discussed.
IS Productivity Paradox
The IS productivity paradox arose in response to the observation of a reported slowdown in productivity growth 
accompanied with an increase in IS investment in the United States during 1965-1994 (Dewan and Kraemer 1998). The 
annual growth rate in labor productivity decreased from over 3% in the 1960s to approximately 1% in the 1990s (Dewan 
and Kraemer 1998). By contrast, IS investments grew at a much higher rate. This contrast led people to question the 
common assumption that spending on IS should increase overall productivity, referred to as “productivity paradox”. 
While it appeared too premature to draw a conclusion by correlating these two numbers because many other factors 
might compound, or even distort, the overall results, quite a few research studies conducted prior to the 1990s lent 
support to the paradox (Barua et al. 1991; Berndt 1991; Loveman 1994).
Brynjolfsson (1993) suggested that people must be careful not to over interpret these findings, as “a shortfall of 
evidence is not necessarily evidence of a shortfall” (Brynjolfsson 1993, page 67). He proposed four alternate 
explanations for the paradox, primarily centering on research methods (mismeasurement, misaligned time of measure), 
level of analysis (i.e., redistribution), and theoretical causation (mismanagement of IS). 
Methodologically, poor measurement and data quality of the IS outputs and inputs remained as a problem. The 
output measurement could be very unreliable. Some important benefits of IS such as improving quality, variety, customer 
service, speed and responsiveness were poorly accounted for in productivity statistics as well as in most firms’
accounting numbers (Brynjolfsson 1994). Thus, the effect of IS on productivity may have been underestimated. Likewise, 
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the input measure was also problematic. A prolonged period of learning, adjustment, and restructuring might be 
necessary to reap the full benefits of information technology, and therefore the short-term results might be inaccurate due 
to the lag between costs and benefits (Brynjolfsson 1993). Although spending on software and training might yield 
benefits in several years, they are generally expensed in the same year that systems are purchased, thus artificially raising 
the short-term costs associated with them. Furthermore, other important factors were not controlled for. For instance, a
fundamental factor - the transformation of the U.S. economy – was largely neglected (Brynjolfsson and Yang 1996).
Similarly, the influence of major political and economic factors on productivity were not separated from IS spending 
(Brynjolfsson 1993). These were the major shortcomings associated with measurement issues.
An explanation for the paradox in terms of level of analysis was related to redistribution of the benefits derived 
from IS investment. Brynjolfsson suggested that use of IS might benefit individual firms, but was unproductive at the 
industry or the economy levels. “IT rearranges the shares of the pie without making it bigger” (Brynjolfsson 1993, p.75).
It was possible that most early studies failed to find consistent, positive results due to their industry-level analysis (e.g., 
Berndt and Morrison 1995; Roach 1991). The final possibility proposed by Brynjolfsson was related to mis-management 
of IS (Brynjolfsson 1993). This view speculated that IS investment itself was not productive; the management either 
invested in IS for reasons other than increasing productivity, or failed to manage IS properly.  
Measurement issues improved in the early 1990s by enhancing methods and data quality, e.g., by statistically 
controlling the measurement errors (Siegel 1994), by including other aspects of output measurements such as service 
quality, speed and responsiveness (Brynjolfsson 1994), and by adjusting the measures to take consumer price fluctuations 
and inflation into consideration (Fisher and Griliches 1995; Hausman 1994). However, inconsistent results were still 
found based on different measures, research methods, and data sources. Measurement error and data quality were still
considered the main factors challenging the validity of the results at the industry level. For instance, the most commonly 
used datasets for industry-level research were provided by the U.S. Bureau of Economic Analysis (BEA), a dataset that 
was subject to biases due to the techniques used to aggregate and classify firms (Brynjolfsson and Yang 1996).
In the mid 1990s, an increasing number of researchers turned to primary data collection through surveys, or to 
secondary data from private sources (e.g., Diewert and Smith 1994; Kelley 1994; Kwon and Stoneman 1995). At the 
same time, there was a shift in focus from the industry level to the firm level of analyses. With firm-level data, 
researchers could control problems arising from aggregation of data to the industry or the economy levels (Brynjolfsson 
and Hitt 1996). Moreover, they could obtain more insight from first-hand information by interacting with managers and 
clients during the primary data collection process (Brynjolfsson and Hitt 1998; Devaraj and Kohli 2000). This change 
provided opportunities to develop more fine grained measurements of IS outputs.
Brynjolfsson and Hitt’s 1996 article was among the first to provide strong positive evidence to counter the IS 
productivity paradox at the firm level using secondary data from private sources. They combined the data collected from 
International Data Group’s annual survey and Compustat II between 1987 and 1991 that included 367 large U.S. firms.
These data were adjusted to consider price deflators. Based on these data, they concluded that the IS productivity paradox 
disappeared by the year 1991, at least at the firm level. They further found that the gross marginal product for computer 
capital averaged 81% for the firms in their samples, and IS labor spending generated at least as much output as spending 
on non-IS labor and expenses. Because the econometric models they adopted were similar to those in prior research (e.g. 
Berndt and Morrison 1995; Loveman 1994), the study provided the possibility for comparison. The comparison showed 
that the different statistical results from prior studies were due to the better refined research, more recent data, and the 
firm-level analysis (Brynjolfsson and Hitt 1996).
Despite the much-anticipated positive evidence provided in this article, the IS productivity paradox remains a 
major theme in IS research. Yet, what have we learned in the past decade that has built on Brynjolfsson and Hitt’s work? 
To what extent has the intellectual growth of the research on IS productivity been achieved? The following citation 




This citation analysis consisted of a three-stage process, aiming to identify and classify articles citing Brynjolfsson and 
Hitt’s (1996) paper. First, articles were collected from peer-reviewed journals. Second, the empirical studies were coded 
by the results, level of analysis, research methods, and major variables. Third, all the articles were coded by their usage 
of the reference. This procedure was demonstrated useful in previous IS citation analysis (Ford et al. 2003).
Coding Process
The coding process comprised of initial independent coding by each author and a consensus building procedure through 
open discussion between the first two authors. All relevant characteristics for each article were coded independently. The 
classification codes could be adjusted in an iterative manner during the coding process to better reflect the author’s 
evolving understanding of the coding scheme. After the independent coding, the two authors checked for the degree of 
agreement between their usage coding results, achieving an acceptable interrater reliability of 0.817.
Stage One – Article Identification
The purpose of this stage was to find the articles that referenced Brynjolfsson and Hitt’s (1996) paper. The ISI web of 
Knowledge V3.0 was used as a tool for searching articles, which included the Science Citation Index Expanded 
(SCI-Expanded), Social Sciences Citations Index (SSIC), and Art & Humanities Citation Index (AHCI)2. This search 
resulted in 172 articles published between 1996 and 2006, consisting of 154 research studies, 14 reviews, and 3 editorial 
materials from 66 journals and 1 book chapter3. Four articles published in non-English journals were dropped for the 
reason of language proficiency. Reviews and editorial materials were dropped because they did not directly investigate 
the IS pay off issue from both the theoretic and empirical perspectives and can not provide any solid conclusion. We 
believe that the resulting 150 research studies identified in this search covered a representative set of journal articles and 
thus forward them to the next stage. 
Stage Two – Coding for Results, Level of Analysis, and Research Methods
To achieve the objective of understanding how the IS productivity paradox has been addressed following Brynjolfsson 
and Hitt’s (1996) article, we identified and coded the empirical research out of the 150 articles by their results (i.e., 
positive, negative, no effect, or contingent). Similar to an early work by Kohli and Devaraj (2003), we also coded them 
2 http://www.isiwebofknowledge.com/, accessed January 2007.
3 http://portal.isiknowledge.com/portal.cgi/wos?Init=Yes&SID=G25nK2ND7NEAj3gDPgg, accessed January 2007.
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by research methods (e.g., secondary data, survey, case study) and by level of analysis. Since the definition and 
measurement of input and output may explain different results according to Brynjolfsson (1993), we also coded the input 
and output variables for each empirical study by adapting an IS value framework (figure 1). The framework was adapted 
from literature review work by Dedrick, Gurbaxani, and Kraemer (2003) and Melville, Kraemer and Gurbaxani (2004),
that primarily use an input-process-output model. The framework helps to define the key variables and relationships 
addressed in the different research articles identified in the review. The category of IS inputs refers to investment related 
to IS such as IS expenditure and staffing; the category of complementary factors refers to those that may produce 
synergies with IS inputs factors, primarily organization-related factors such as non-IS physical capital and non-IS human 
capital resources. Process refers to business processes that convert inputs into outputs. Intermediate-level output refers to 
operational efficiency of specific processes, and performance refers to economic performance at various levels, such as 
economic growth at the country level, consumer welfare at the industry level, and profitability or productivity at the 
organization level.
Figure 1 – IS Business Value General Conceptual Framework
Stage Three – Usage Coding
To achieve the objective of understanding how Brynjolfsson and Hitt’s (1996) article has made impacts in each identified 
area. All the articles were coded by the way in which the Brynjolfsson and Hitt’s paper was cited and its role in the 
article. For each article, the citation(s) was located, and then its usage was identified by reading the text. Following Ford 
et al. (2003), three possible codes were defined prior to coding and the last two emerged during the coding process. They 
are:
(1) Incidental: defined as citations that only mentioned the target paper and did not use the article in any substantive
manner;
(2) Descriptive: referred to as either defining the productivity paradox or describing the context and theory background 
of the study.
(3) Developmental: the paper was used to assist in the development of the hypotheses, propositions, or measures, or 
used to build a theoretical framework.
(4) Extension: the author(s) used the same dataset used by Brynjolfsson and Hitt and acknowledged that their study is an 
extension of Brynjolfsson and Hitt’s work. 
(5) Comparative: Brynjolfsson and Hitt’s study was cited for the purpose of direct comparison between the results 













The objectives of this study are to identify areas in which Brynjolfsson and Hitt’s article has impacted intellectual growth, 
to assess how their article has been used by researchers, and to identify remaining gaps. These objectives are addressed in 
this section, and opportunities for future research are discussed in the next section.
IS Productivity Paradox
Has the IS productivity paradox really disappeared since 1996? To address this question, we focused on a subset of 96 of 
the 150 articles that conducted empirical analysis and had statistical conclusions available. The remaining articles did not 
provide enough information to determine the effect of IS on outcome measures like productivity or business value. 
Tables 2 and 3 provide a coding summary of the results by level of analysis and by research method respectively. The 
results show that only six articles reported negative or no effects on organizational outcomes. Fifty-six articles confirmed
Brynjolfsson and Hitt’s conclusion, showing evidence that IS investment had a positive effect on performance measured 
by various criteria such as productivity, profit, or business value. 1/3 of the studies (34 out of 96) concluded that the 
effects of IS on outcomes are contingent on other factors.
In terms of level of analysis, 73 out of 96 studies focused on the firm level, 12 articles focused on the industry level, 
5 articles on the country level and 2 articles on the process level, 3 articles conducted multi-level analysis, and additional 
one on the individual level. These results show that given the prior history of mixed or negative findings, the IS business 
value literature has moved from the macro level to micro level (Kohli 2003).
In terms of research methods, 48 out of 96 articles used secondary data, 32 used survey method, 6 used case study, 2 
use multi-methods, and another 8 used other research methods such as event study and archive analysis.
Table 1 - The Paradox Results by Level of Analysis 
Level of AnalysisWhat effect does IS have on 
outcome measures (e.g., 
productivity, profit, business 
value)




Positive 1 47 6 1 1 56
Negative 2 0 0 0 2
No effect 1 1 1 1 4
Contingent 1 1 23 5 3 1 34
Total 1 2 73 12 5 3 96




Table 2 – The Paradox Results by Research Methods
Research Methods











Positive 35 12 3 4 2 56
Negative 0 1 0 1 0 2
No effect 3 1 0 0 0 4
Contingent 10 18 3 3 0 34
Total 48 32 6 8 2 96
In terms of measurement for independent and dependent variables, it is noteworthy that both IS inputs and 
complementary factors have been studied in the literature. Table 3 shows that IS-enabled processes were also studied, 
primarily focusing on IS planning, adoption, implementation, use, and integration. Productivity was still the most 
common outcome variable in the literature (26 studies), while other outcomes such as financial performance (10), cost 
performance were also studied. The research increased its focus on intermediate-level outcomes, such as capacity 
utilization, cost of coordination, flexibility, inventory, etc.



































































The next stage of analysis was to investigate how Brynjolfsson and Hitt’s article was used in the citing articles. For this 
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section, all 150 articles were analyzed. Brynjolfsson and Hitt’s work was cited by both IS and non-IS researchers in other 
fields such as Management Science, Economics, and Operational Management. We classified the 150 articles into 
IS-specialized journals and non-IS-specialized journals by their titles, resulting in 75 articles categorized as IS and the 
other 75 as non-IS. Those journals listed in the journal rankings provide by the Association for Information Systems were 
classified as IS-specialized journals4, and the rest were classified as non-IS-specialized journals. Table 4 showed a
cross-tabulation of all the 150 citing articles classified by the way in which they cited Brynjolfsson and Hitt. According 
to Table 4, a similar pattern in its usage emerged. First, the incidental usage was the most frequent, taking up to 70% of 
total articles and 73% of the IS articles. Second, 34 out of the total and 13 out of 75 IS articles cited their work with 
purposes of (1) defining the productivity paradox or describing the research background, or (2) developing hypotheses, 
propositions, framework, or measurement. 
Table 4 Analysis of the Citation Usage by IS and Non-IS Articles
Incidental Descriptive Developmental Extension Comparative Total
IS articles 55 8 6 3 3 75
Management 
Science
4 0 2 2 0 8
Economics 13 1 5 1 1 21
Operations 
Management
12 2 1 0 1 16 
Others 21 7 2 0 0 30
Total 105 18 16 6 5 150
To longitudinally examine the degree of impacts by the B&H (1996) article, we observed usage patterns by year (see 
Table 5). Table 5 shows that while the frequency of citations for the purpose of describing, proposing, and extending 
stayed relatively unchanged over time, incidental citations significantly increased from year 2003. 
Table 5 – Number of Citing Articles by Usage and Year
Year Incidental Descriptive Developmental Extension Comparative
1996 1
1997 2 2 1
1998 5 1 1
1999 7 2 3 1
2000 13 1 3 1
2001 5 3 3 1
2002 3 2 2 3
2003 13 1 1 1
2004 14 3 1
2005 17 1 1
2006 26 2 1 2





IS Productivity Paradox – A Thing of the Past
The results of this study show that the IS productivity paradox seems to have disappeared after the mid-1990s [i.e., 
Brynjolfsson and Hitt (1996)]. These results appear to support Brynjolfsson and Hitt’s proclamed end to the paradox in 
1996, and also substantiates the recent literature on information technology and economic performance (Dedrick et al. 
2003; Kohli and Devaraj 2003). Little evidence (2/96) was available to show negative effects of IS spending on 
organizational outcomes. Instead, more than half of the research (56/96) suggested that IS spending has a positive effect 
and a considerable amount of research (34/96) suggested IS investment’s effect is contingent upon other factors. 
This ’come-back’ between 1996 and 2006 may be explained by the possibility that more recent research has better 
accounted for the four problems cited by Brynjolfsson (1993), as to be discussed below. 
First, data quality might have been improved by leveraging data from both the secondary (e.g., databases) and 
private data sources. Secondary data sources were heavily used in IS productivity research because of their larger sample 
size, accessibility, and their ability of providing longitudinal data, which would serve to average out extremes and 
provide a clearer picture of the underlying relationship between IS investment and organizational performance. However, 
secondary data is limited in its accuracy, its inflexible, and the lack of context information important to investigate such 
complex relationships as between IS investment and productivity (Kohli and Devaraj 2003). These shortcomings perhaps 
explain the trend identified in this citation analysis that an increasing number of studies have started to use primary data 
sources via surveys or case studies.
On the other hand, private data sources usually end up with smaller sample sizes, which would affect the external 
validity of the research and thus it may be difficult to draw generalizable results from these studies. Another weakness of 
self-collected survey data is that due to the limited capability of individual researchers, it usually only focuses on one 
particular time point and does not provide longitudinal data. Longitudinal data can often improve the accuracy of the 
results by controlling for firm specific effects and examining lag effects of the impact of technology (Kohli 2003).
Previous research has shown that for IS, especially some new information technologies, a period of learning, adjustment, 
and restructuring may be necessary to reap its full benefits, so the data of one time point may not be representative of the 
ultimate value of IS (e.g., Brynjolfsson 1993; Devaraj and Kohli 2000; Peffers and Dos Sontos 1996). Considering both 
strengthe and the weaknesses, a combination of primary and secondary data sources might be a solution. In fact, our 
review found that only 2 articles used multiple data sources. Given its strength and rarity in the literature, multiple data 
sources may represent a viable and promising approach for future research.
Second, it seems that level of analysis of research in the past ten years has shifted to the organization level, which 
could account for the ’redistribution’ effect according to Brynjolfsson (1993). Researchers are increasingly aware of the 
problems with levels of analysis issues and admit that “many problems and solutions apparent at one level of the 
organization manifest themselves in different and contradictory ways at other levels” (Gallivan and Benbunan-Fich 2005; 
Poole and Van de Ven 1989, P. 570). This concern can be seen from our results that most studies (73 out of 96 articles 
with results) after Brynflosson and Hitt (1996) were conducted at the firm level or below, contrasting to only 17 articles 
conducted at the industry and country levels.
Third, it seems that an increasing number of research studies have focused on addressing the notion 
of ’mismanagement’ (Brynjolfsson 1993). 34 out of 96 articles with empirical results indicated that the effect of IS was 
contingent on organizational/managerial factors. For example, Quan et al. suggest that the effect of IS investment on 
productivity in a duopoly market is contingent on market sensitivity to changes in the price and quality of products and 
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services offered by the firm: a price sensitive market has a positive effect on the relationship between IS investment and
productivity, whereas a quality sensitivity market has a negative effect (Quan et al. 2003). At the firm level, other 
contingencies in which IS investment may or may not be valuable could be firm characteristics such as firm size and 
varied business strategy (Love and Irani 2004), firm orientation (Kaefer and Bendoly 2004), external environment
(Dehning et al. 2004), and the investment amount on IS and non-IS capital (Ko and Osei-Bryson 2004)
Fourth, it seems that the refined dependent variable measures of IS value also contributed to the positive effect, 
confirming that whether the results are positive depends on the measurement of dependent variable (Kohli and Devaraj 
2003). Brynjolfsson (1994) suggests that important benefits of IS such as improving quality, variety, customer service, 
speed and responsiveness were poorly accounted for in productivity statistics as well as in most firms’ accounting 
numbers (Brynjolfsson 1994). Similarly, Hitt and Brynjolfsson (1996) suggested that IS investment had increased 
organizational productivity and created substantial value for consumers, but had not resulted in business profitability.
The results of the study show that the outcome variables have been largely diversified. While productivity is still a major 
dependent variable, other variables have also been studied. In particular, intermediate-level outputs have drawn much 
attention, constituting an important set of outcome variables in the existing research.
The Intellectual Impact of Brynjolfsson and Hitt (1996)
The study also shows that Brynjolfsson and Hitt’s work has significant impact both on IS research and non-IS research.
After 1996, IS researchers focused less on the question of whether IS creates value or enhance performance, and more on 
how, when, and why IS benefits occur or fail to materialize. The measurements of IS impacts have also expanded from 
simple production-economic-based assessment (e.g., calculating the productivity) to multiple forms of business value 
measurements, such as consumer surplus and competitive advantages (e.g., Kohli and Devaraj 2003; Melville et al. 2004).
On the other hand, the impact of this article by the extent of usage seems to have been diminishing over time. While the 
number of articles citing for the purpose of describing or defining the IS paradox, developing hypotheses, or comparing 
empirical results remained similar in the past decade, papers citing their paper ’incidentally’ have greatly increased since 
2003. This implies that the focus of this research stream has been shifting from confirming or refuting the IS productivity 
paradox to better understanding how IS impacts on business value.
Implications for IS Researchers
The citation analysis provides the following implications for future research. First, the process of converting IS
investments/spending to outputs deserves continued research efforts. Instead of reaffirming the relationship between IS 
inputs and outcomes, future research should focus more on understanding the impacts on IS pay-offs of the contingent 
factors (e.g., business strategy) and/or complementary factors (e.g., organizational reengineering).
Second, most empirical studies overly rely on financial data and quantitative research methods using secondary data. 
More qualitative research or survey studies could be conducted to complement the research in this field, thus providing 
data support to process factors not measurable by secondary data (e.g., consumer satisfaction).
Third, research could be better served by focusing on the firm level analysis. According to Brynjolfsson and Hitt 
(2000), firm level analysis has significant measurement advantages for examining intangible organizational investments 
and product and service innovation associated with information systems. The accumulation of firm-level datasets over 
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time also promises the success of study on this level by providing larger sample sizes over longer periods of time. 
Process level analysis represents a promising area because it is believed that the business value of IS could be better 
understood at the process level, as opposed to the final financial performance. With process-level analysis, intermediate 
level outputs not measurable by financial numbers can be directly examined.
Limitations
There are some limitations of this analytical research paper. First, the articles used in the citation analysis may not be
exhaustive. Articles outside the Science Citation Index Expanded (SCI-Expanded), Social Sciences Citations Index 
(SSCI), and Art & Humanities Citation Index (AHCI) or in a non-English language were not included. While we believe 
that this exclusion does not affect the validity of our results, future research could certainly expand citations by Google 
Scholar or journals not included in ISI. Second, theoretical and review articles have not been examined in the same depth 
as empirical articles due to fact that they don’t include statistical results that we can observe and categorize. Third, the 
citing articles were classified into IS and non-IS article according to their journal title. This may introduce some bias as 
what defines an IS versus non-IS journal has been subject to debate. Fourth, this citation analysis provided descriptive 
statistics only, future research is under way that is applying a meta-analysis technique to statistically identify and 
examine factors resulting in different results.
Conclusion
This study examines how the IS productivity paradox has been addressed and how it has impacted research in the last 
decade by analyzing 150 articles published between 1996 and 2006 that cite Brynjolfsson and Hitt’s (1996) seminal work 
(1996). The results show that the paradox has disappeared possibly due to refined data sources, shifted level of analysis, 
and refocus on the management aspect of IS. It also shows that Brynjolfsson and Hitt’s article has made significant, 
albeit diminishing, impacts on future research over time. Today, a critical question facing IS managers is no longer 
“Does IT pay off?” but rather, “How can we best use information technology?”
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